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Abstract: This work was carried out to evaluate the effects of preharvest 1-methylcyclopropene (1-MCP, Harvista™) and postharvest
1-MCP (SmartFreshTM) treatments on the fruit quality attributes of cold-stored ‘Fuji’ (Malus domestica Borkh.) apples. Fruits
were exposed to 0, 95, 125, or 250 mg-L" Harvista'" at 3, 2, 1 weeks before harvest (WBH), and treated with 0 or 1 uL-L™
SmartFresh™ at harvest. Fruit was then stored for up to 180 days at 0 * 1°C. Fruit fresh weight, Hunter’s value a, internal
ethylene concentration (IEC), flesh firmness, titratable acidity (TA), and soluble solids content (SSC) in fruit treated with Harvista™
were not different from those of control fruit at harvest. During cold storage, flesh firmness and TA were higher in fruit treated
with 250 mg-L" Harvista™ at 2 and 3 WBH than in control fruit. [EC was 5.5-10.0% lower in fruit treated with 250 mg-L"
Harvista™ at 2 and 3 WBH compared with control fruit as storage duration progressed, while SSC was not affected. Furthermore,
flesh firmness, TA, and IEC were affected neither by Harvista™ nor Harvista™ + SmartFresh'" treatments, compared with those
fruit quality attributes at harvest. The correlation maps indicated that IEC was negatively correlated with firmness and TA,
regardless of Harvista™ application levels. In addition, positive correlations between fruit quality attributes were detected in
treatments with 250 mg-L'1 Harvista™ + SmartFresh™. Therefore, the results suggest that with a single application of SmartFresh™,
a higher level of Harvista™ application would help in retention of fruit quality attributes during cold storage.
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Table 1. Eeffect of Harvista” treatments on fruit quality attributes at harvest in ‘Fuji’ apples in Sangju.

Harvista Application Fruit quality attributes
(mg-LY timey Fruit weight ~ Hunter value Firmness Ssc TA IEC
(WBH’) 3] a (N/@11 mm) (°Brix) (%) (LL-L ™M
Control 292.6 a* 193 a 62.3 abc 13.9 ab 0.36 bcd 25 a
95 1 280.1 a 183 a 64.3 a 14.2 ab 0.38 abc 33 a
2 2983 a 181 a 60.6 bc 14.1 ab 0.40 ab 31 a
3 2729 a 17.0 a 59.7 ¢ 131 b 032 d 23 a
125 1 299.2 a 16.0 a 62.7 ab 14.1 ab 041 a 3.6 a
2 288.3 a 174 a 61.1 bc 143 a 0.37 abc 32 a
3 2921 a 16.0 a 61.5 bc 13.3 ab 0.35 cd 23 a
250 1 302.0 a 16.7 a 60.7 bc 13.6 ab 0.41 ab 34 a
2 2814 a 184 a 63.4 ab 14.1 ab 0.37 bc 33 a
3 296.0 a 17.7 a 60.8 bc 13.3 ab 0.37 abc 34 a

“Harvista: sprayable 1-MCP.
YWBH weeks before harvest, which was on 2 Nov. 2011.

*Different letters within columns indicate significant difference by Duncan’s multiple range test, p = 0.05.
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Table 2. Effect of Harvista” (-) and Harvista + SmartFresh” (+) treatments on flesh firmness in cold-stored ‘Fuji’ apples.

Firmness (N/¢11 mm)

Harvista Appl'ication Storage duration (days)
(mg-L™) (Vt\}glﬁy) At harvest 90 135 180
- - + - + - +

Control 62.3 abc 59.6 a 61.8 ab 57.2 cd 61.0 a 522 d 60.4 a

95 1 64.3 a 61.5 a 61.9 ab 61.6 abc 61.2 a 58.6 b 62.0 a
2 60.6 bc 59.1 a 598 b 58.7 bcd 62.7 a 57.1 bc 619 a
3 59.7 ¢ 584 a 60.9 ab 54.7 d 61.3 a 499 d 61.8 a

125 1 62.7 ab 62.0 a 63.6 a 59.1 bed 61.7 a 59.2 b 63.1 a
2 61.1 bc 61.9 a 63.0 a 63.2 ab 63.5 a 59.5 b 61.3 a
3 61.5 bc 63.0 a 61.5 ab 60.8 abc 62.5 a 599 b 62.5 a

250 1 60.7 bc 60.9 a 61.8 ab 60.1 abc 62.5 a 60.8 ab 63.6 a
2 63.4 ab 63.0 a 62.4 ab 64.7 a 64.1 a 64.5 a 62.7 a
3 60.8 bc 62.1 a 620 ab 61.9 abc 62.8 a 60.6 ab 63.5 a

Harvista (H)** Application time_ (T) §torage duration (D) , SmartFresh (S)*m
HxT HXD HXS TxD T><S DXS
HXTXD . HxTxS™S A H><D><S ) T><D><S

HxTxDxS™

“Harvista: sprayable 1-MCP, SmartFresh: fumigation 1-MCP

YWBH weeks before harvest, which was on 2 Nov. 2011.

*Different letters within columns indicate significant difference by Duncan’s multiple range test, p = 0.05.
NSMW**NOﬂSlgmﬁcant or significant at p < 0.05, 0.01, or 0.0001, respectively.

Table 3. Effect of Harvista” (-) and Harvista + SmartFresh” (+) treatments on titratable acidity in cold-stored ‘Fuji’ apples.

Titratable acidity (%)

Harvista Appl_ication Storage duration (days)
(mg-L") (Vt\}gﬁy) At harvest 90 135 180
- - + - + - +

Control 0.36 bcd* 033 d 0.37 ab 0.29 abc 0.33 cd 0.19 ef 0.31 ab

95 1 0.38 abc 0.34 cd 041 a 0.26 bc 0.33 bcd 0.20 def 0.31 ab
2 0.40 ab 0.38 abc 0.40 a 0.31 abc 0.38 a 0.23 cde 0.35 a
3 032 d 0.28 e 0.30 c 0.26 c 029 d 0.17 f 0.28 b

125 1 041 a 0.38 ab 0.40 a 0.28 abc 0.34 bc 0.24 cd 0.32 ab
2 0.37 abc 0.39 a 0.39 a 033 a 0.35 abc 033 a 0.32 ab
3 0.35 cd 032 d 0.33 bc 0.31 ab 0.33 bed 0.22 de 0.31 ab

250 1 0.41 ab 0.37 abc 0.36 ab 0.31 abc 0.33 bcd 0.27 bc 0.33 a
2 0.37 abc 0.39 a 0.38 ab 0.33 a 0.32 cd 032 a 0.31 ab
3 0.37 bcd 0.35 bcd 036 ab 0.32 ab 0.37 ab 0.30 ab 0.32 ab

Harvista (H) Ahppllcatlon time (T) Storage duration (D) , SmartFresh (S)****
H><T H><D HXS TxDV T><S ) DxS’

HxTxD", HxTxS", HxDxS", TxDxS"

HxTxDxS"®

“Harvista: sprayable 1-MCP, SmartFresh: fumigation 1-MCP

YWBH weeks before harvest, which was on 2 Nov. 2011.

*Different letters within columns indicate significant difference by Duncan’s multiple range test, p = 0.05.
NS*M****Nonsignif‘lcant or significant at p < 0.05, 0.01, or 0.0001, respectively.
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Table 4. Effect of Harvista” (-) and Harvista + SmartFresh” (+) treatments on soluble solid contents in cold-stored ‘Fuji’ apples.

Soluble solid contents (°Brix)

Application

Harvista _ Storage duration (days)
=t time
(mg-L") (WBHY) At harvest 90 135 180
- - + - + - +

Control 13.9 ab* 139 ab 14.3 abc 14.2 ab 14.4 abc 13.9 abc 14.4 ab

95 1 14.2 ab 145 a 149 a 14.7 a 14.7 ab 149 a 14.3 ab
2 14.1 ab 13.6 ab 13.8 bed 14.3 ab 14.8 a 14.5 ab 149 a
3 131 b 131 b 129 e 12.8 d 129 d 132 ¢ 13.0 ¢

125 1 14.1 ab 14.0 ab 14.4 ab 14.3 ab 14.3 abc 14.8 a 14.3 ab
2 14.3 a 14.0 ab 13.9 bcd 14.0 abc 14.7 ab 14.2 abc 14.3 ab
3 13.3 ab 134 b 13.5 cde 133 od 13.6 cd 13.3 bc 13.5 bc

250 1 13.6 ab 13.7 ab 14.1 bcd 14.1 abc 14.0 bc 14.3 abc 14.1 ab
2 14.1 ab 14.0 ab 13.5 de 14.3 ab 13.6 cd 14.5 ab 13.5 bc
3 13.3 ab 13.4 ab 13.5 de 13.6 bc 14.1 abc 13.5 bc 13.9 abc

Harvista (H%’:S, Ap[izllication time hgT)NS, Storage duration (D)"°, SmartFresh (S)"

HxT™, HxD™, HxS™, TxD™, TxS™, DxS™
HxTxD™, HxTxS"™, HxDxS"™, TxDxS™
HxTxDxS"

“Harvista: sprayable 1-MCP, SmartFresh: fumigation 1-MCP
YWBH weeks before harvest, which was on 2 Nov. 2011.

*Different letters within columns indicate significant difference by Duncan’s multiple range test, p = 0.05.

NS, * #* sobotor

Nonsignificant or significant at p < 0.05, 0.01, or 0.0001, respectively.



Table 5. Effect of Harvista® (-) and Harvista + SmartFresh® (+) treatments on internal ethylene concentration in cold-stored

‘Fuji’ apples.

Internal ethylene concentration (uL-L™")

Harvista Appl'ication Storage duration (days)
) time
(mg-L") (WBH?) At harvest 135 180
- - + - + - +
Control 2.5 a 1395 a 1.2 b 186.6 ab 14 a 326.4 a 1.1b
95 1 33 a 581 Db 2.6 a 88.7 bcd 1.5 a 1714 b 1.2 b
2 31 a 55.0 b 1.2 ab 78.2 cd 1.6 a 177.7 b 1.2 b
3 23 a 153.0 a 1.3 ab 2482 a 13 a 3575 a 1.2 b
125 1 3.6 a 32.0 bc 1.5 ab 140.2 bc 1.4 a 1615 b 1.2 b
2 3.2 a 27.6 bc 1.3 ab 421 cd 1.8 a 111.9 bc 1.2 b
3 23 a 35.7 bc 1.4 ab 80.4 cd 1.8 a 1593 b 1.5 b
250 1 34 a 39.1 bc 1.0 b 56.1 cd 2.2 a 87.5 bc 11b
2 33 a 29 ¢ 1.0 b 3.8 d 13 a 179 ¢ 1.4 b
3 34 a 39 c 1.4 ab 22.2 d 24 a 324 c 2.0 a
Harvista (H):*, Application time (T), Storage duration (D)****, SmartFresh (S)****
HxT ,**HXD, H::*S* , TxD , TxS '**PXS
HxTxD , HxTxS , HxDxS", TxDxS
HxTxDxS"
“Harvista: sprayable 1-MCP, SmartFresh: fumigation 1-MCP
YWBH stands for weeks before harvest, which was on 2 Nov. 2011.
XMQ&Q§ separation within columns by Duncan’s multiple range test, p = 0.05.
NS5 Nonsignificant or significant at p < 0.05, 0.01, or 0.0001, respectively.
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Correlation coefficient (r)

-1 0 1

Fig. 1. Pearson correlation coefficient (r) for flesh firmness,
soluble solids content (SSC), titratable acidity (TA), internal
ethylene concentration (IEC) in four different and overall
preharvest and postharvest 1-methylcyclopropene treatments
in cold stored ‘Fuji’ apples. Red and blue colors indicate
positive and negative correlation between fruit quality attributes,
respectively. Asterisk (* or **) indicates statistically significant
correlation at p < 0.05 or p < 0.01, respectively. Harvista:
sprayable 1-MCP, SmartFresh: fumigation 1-MCP.



548 Kor. J. Hort. Sci. Technol. 33(4), August 2015

_\ﬂ
fr
E_
® 2
*2
%
—
=

et al 2007, Park et al., 2011).
A2l Al Ahiaest 5% %‘%"E
250mg- L9} SmartFresh *2]A] ®7} o A o] Abaat
AE et o] A A7 A, AL, 7He
d1ygE dF R W*ﬁoﬂai‘* WA ee] Wkt 37\1 oot
A Wbl A AEAIE Hol= AR SMH ®
o A= Bl AR oFe] welehs g 7R 1¥E
Wb it o g ol Wy =92 Ql 712 ] 9
A 2257 wj o] Harvista®l Harvista + SmartFresh &
gAo] ue 184 THE P Wspt 4o sow
ThebE o) 3 1MCPAE] 7} AFkglo] A1 T
EAA §o4e ek el
olipe] Akt FHN WA A A RS

M= 3 = SmartFreshXiE]UPoi A=
o 4= UANE SmartFresh®] 7-¢- M-S AAJof| Estod]
Z2]stofoF sH= hdo] Qch 1311/} 43} A Harvistags
223} 7 22 32 330 250mg L E2 xeld A

THAIZ A o] SmartFresh *2]#}AlT} 2 2}o)7} Qlal E3F T}
NS oA Sk ek Ba SEisto] A% o 4 olek
L ook web 5] Aol 48 A Havisa 4]2)
b AR S HIEES §AsHed m elrk Besol
R LR

E
E
g
+
7
2
%
2
&
FM

Ho|z] ¢Fo L} Harvista

A

[e]
qe §X

% =2
B oo 53} A SR AFES 1-MCP(Harvista )2} 423}
% 329 |-MCP(SmartFresh™) 2|7} ‘32 Alxte] =2
I} 2 001] |2 Q3RS rgslalat AAJEIICk Harvista™
A= 223} 1, 2, 35374 0, 95, 125, 250 mg-L"' =& 7Hzh
Z2)std.on, SmartFresh™ A2l 48k 1Y & dwg F
ZYoll A 1puL-L' o] g 18A17HE<t Aelstych. TaAg
2 0+ 1°C Z27AA 18027t AA5}9ITh Harvista™ 2] 2]
of M2 423} A] IAEHS B IR, Thu] HAE, YAy
];:’a]‘j’i] %I‘)\g%]:’ 7:]5’ /\]- U_l 7]~Q_/vl —76‘:]‘:' B‘I—Eko _‘fL;(—]E]—"rLQ,]—
zpol 7k AT A2 A EQt TR ALzte] EAHSE W
9 Harvista "' 250mg-L"' 9] =& 2, 35240 A3t 1}
Alo] Faje|-to] vste] mHA A 9 AL FHFo] T =] /4]

Slom, Upgolgsll AeE Faje]ato] H|sto] 5.5-10.0%
—’F%—E ARS8 Wk 1A 7\17‘*717 F 3 7RATEE G
2Ro. zjo|E EO]X] okott}. Harvista ™ TH=2]2] 2} Harvista ™
+ SmartFresh ™ &84]2| 1 A, A]— seE YAjoeldl vt
AeF BE A% 180‘?:_1 Fol|= 8 A9} & AolE HolX]

ool BAE-o] GAE ATk RIZF ATHEAL Harvista ™
A A A2l st FshA WdEH T ] Fe
£ At ekt shol A E Urelict Z12]al Harvista™ +

SmartFresh™ &-8]2] A] Harvista™ 250mg-L" 9} SmartFresh™
A7k M7k o] A E Ueb ik wheta], 425

% SmartFresh™ | e]o] oj& HAFEAGA et A, 1
ez o] Harvista ™M 2] 2] T3t A% = TAEZF 979
=2 ayE 2tk

37} Z80] : %, Harvista', Yol 2482 SmartFresh'™,
Ab ok

KeR=]
ANE&=H

Blankenship, S.M. and J.M. Dole. 2003. 1-Methylcyclopropene:
A review. Postharvest Biol. Technol. 28:1-25.

Choi, SJ. 2005. Comparison of the change in quality and ethylene
production between apple and peach fruits treated with 1-
methylcyclopropene (1-MCP). Kor. J. Food Preserv. 12:511-515.

DeEll, J.R. and B. Ehsani-Moghaddam. 2010. Preharvest 1-methyl-
cyclopropene treatment reduces soft scald in ‘Honeycrisp’
apples during storage. HortScience 45:414-417.

Lim, B.S., S.Y. Oh, J.W. Lee, and Y.S. Hwang. 2007. Influence
of 1-methylcyclopropene treatment time on the fruit quality
in the ‘Fuji’ apple (Malus domestica). Kor. J. Hort. Sci.
Technol. 25:191-195.

Lim, B.S., Y.M. Park, Y.S. Hwang, G.R. Do, and K.H. Kim.
2009. Influence of ethylene and 1-methylcyclopropene treatment
on the storage quality of ‘Hongro’ apples. Kor. J. Hort. Sci.
Technol. 27:607-611.

Mattheis, J.P. 2008. How 1-methylcyclopropene has altered the
Washington state apple industry. HortScience 43:99-101.
McArtney, S.J., J.D. Obermiller, T. Hoyt, and M.L. Parker. 2009.
‘Law Rome’ and ‘Golden Delicious’ apples differ in their
response to preharvest and postharvest 1-methylcyclopropene

treatment combinations. HortScience 44:1632-1636.

Oh, S.Y., B.S. Lim, J.W. Lee, and K.R. Do. 2007. 1-Methyl-
cyclopropene increases the shelf-life of ‘Ooishiwase’ plums
(Prunus salicina L.). Kor. J. Hort. Sci. Technol. 25:369-374.



Park, H.G., B.S. Lim, and Y.M. Park. 2009. Effects of 1-methy-
cyclopropene treatment and controlled atmosphere storage on
poststorage metabolism and quality of ‘Hongro’ apples. Hort.
Environ. Biotechnol. 50:313-318.

Park, Y.M., H.G. Park, and B.S. Lim. 2011. Analysis of postharvest
1-MCP treatment and CA storage effects on quality changes
of ‘Fuji’ apples during export simulation. Kor. J. Hort. Sci.
Technol. 29:224-231.

Park, Y.M. and T.M. Yoon. 2006. Impact of storage method
and shelf temperature on quality attributes and physiological
metabolism of ‘Fuji’ apples. Hort. Environ. Biotechnol. 47:
138-143.

Park, Y.M. and T.M. Yoon. 2012. Effects of postharvest 1-MCP
treatment, storage method, and shelf temperature on quality
changes of ‘Gamhong’ apples during export simulation. Kor.
J. Hort. Sci. Technol. 30:725-733.

Sisler, E.C. and M. Serek. 1997. Inhibitors of ethylene responses
in plants at the receptor level: Recent developments. Physiol.
Plant. 100:577-582.

Watkins, C.B. 2006. The use of 1-methylcyclopropene (1-MCP)
on fruits and vegetables. Biotechnol. Adv. 24:389-409.

549

Watkins, C.B. 2008. Overview of 1-methylcyclopropene trials
and uses for edible horticultural crops. HortScience 43:86-94.

Watkins, C.B., H. James, J.F. Nock, N. Reed, and R.L. Oakes.
2010. Preharvest application of 1-methylcyclopropene (1-MCP)
to control fruit drop of apples, and its effects on postharvest
quality. Acta Hortic. 877:365-374.

Watkins, C.B. and J.F. Nock. 2005. Effects of delays between
harvest and 1-methylcyclopropene treatment, and temperature
during treatment, on ripening of air-stored and controlled-
atmosphere-stored apples. HortScience 40:2096-2101.

Watkins, C.B. and J.F. Nock. 2012. Rapid 1-methylcyclopropene
(1-MCP) treatment and delayed controlled atmosphere storage
of apples. Postharvest Biol. Technol. 69:24-31.

Yoo, J.G., D.H. Kim, J. Lee, D.G. Choi, J.S. Han, S.I. Kwon,
H.J. Kweon, and 1.K. Kang. 2013. Effect of preharvest sprayable
1-methylcyclopropene (1-MCP) treatment on fruit quality attributes
in cold stored ‘Gamhong’ apples. Protected Hort. Plant Factory
22:279-283.

Yuan, R. and J. Li. 2008. Effect of sprayable 1-MCP, AVG, and
NAA on ethylene biosynthesis, preharvest fiuit drop, fruit maturity,
and quality of ‘Delicious’ apples. HortScience 43:1454-1460.



